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Abstract
There is still a lack of studies on the effect of slow-release fertilizers and substrates on the production of high-
quality sugar apple seedlings. In this context, the present study aimed to evaluate the quality and biomass of 
sugar apple seedlings grown in organic substrates at doses of slow-release fertilizer. The experimental design 
was randomized blocks in split-plot scheme, with four replicates and eleven plants per plot. Substrates were 
evaluated in the plots (fresh sugarcane bagasse; enriched sugarcane bagasse; coconut powder; commercial 
organic substrate Tropstrato®), whereas the doses of the slow-release fertilizer Osmocote® were evaluated in 
the subplots (0; 3; 6; 9; 12 and 15 kg m-3 of substrate). Substrates and slow-release fertilizer doses had effect on 
the formation of sugar apple seedlings. The effect of slow-release fertilizer is influenced by the substrate used 
in the formation of sugar apple seedlings. The substrate coconut powder showed the best performance for E%, 
NL and LAI in sugar apple plants, which reinforces its recommendation to be used in seedling production. For 
the studied conditions, based on the DQI, we recommend coconut powder associated with the slow-release 
fertilizer dose of 9 kg m-3 to produce sugar apple seedlings.
Keywords: Annona squamosa L., fertilization, organic residues 
Introduction
Popularly known as ‘pinha’, ‘ata’ or ‘fruta-do-
conde’, sugar apple (Annona squamosa L.) is one of the 
main Annonaceae species cultivated in Brazil and stands 
out for its potential of commercialization in the internal 
market, with great prospects for exportation (Dantas et 
al., 2010).
In the São Francisco Valley, irrigated fruticulture 
stands out as the main activity of the agribusiness. 
Nevertheless, despite having great agroindustrial 
potential, it faces problems with scarcity of good-quality, 
pathogen-free seedlings to plant new orchards (Melo 
Júnior et al., 2014).
Carrijo et al. (2002) report that the good physical 
properties, lack of reaction with nutrients from fertilization 
and long durability without alteration of physical 
characteristics, as well as the abundance of raw material, 
causes the green coconut fiber to be a substrate hardly 
overcome by other type of substrate, either mineral 
or organic. Dutra et al. (2012) claim that sugarcane 
bagasse has adequate chemical composition, capable 
of promoting good plant development and its use 
contributes to the reduction of its accumulation in the 
environment.
Adequate nutritional balance is fundamental 
for the formation of productive orchards. Fertilization 
must provide the sufficient quantity of nutrients for 
adequate quality and growth of the seedlings, besides 
replenishing nutrients lost through leaching (Klooster et 
al., 2012). Associated with a good substrate, Delamerlina 
et al. (2014) recommend the use of quality fertilizers, at 
adequate doses and with slow release.  That slow or 
controlled-release fertilizers can be used in the fertilization 
of fruit seedlings, since they promote a synchronism 
between the release of nutrients and the requirements 
for plant growth and development, which renders 
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unnecessary the split application of other sources, thus 
avoiding the occurrence of nutritional deficiency and 
losses through leaching, which consequently reduces 
costs with execution (Costa et al., 2011). Among these 
fertilizers, a prominent one is Osmocote®, which has 
been widely employed nowadays in the production of 
seedlings in containers (Elli et al., 2013).
Evaluating the influence of various substrates 
and two fertilizer formulations on the development of 
yellow passion fruit seedlings, Silva et al. (2001) claim that 
Osmocote® promoted the greatest development of the 
seedlings, followed by 4-14-8 NPK. The use of slow-release 
fertilizer proved to be efficient in the production of 
seedlings of citrus (Almeida et al., 2012), avocado (Costa 
et al., 2011), pineapple (Freitas et al., 2011), banana 
(Rodrigues et al., 2019), papaya (Serrano et al., 2010) and 
tamarind (Santos et al., 2018). For sugar apple, there is 
a lack of studies using slow-release fertilizers in different 
organic substrates. The hypothesis of this study was 
that the quality and growth of sugar apple seedlings is 
influenced by the different organic substrates and doses 
of slow-release fertilizer.
The present study aimed to evaluate the quality 
and biomass of sugar apple seedlings grown in tubes 
using different organic substrates and doses of slow-
release fertilizer.
Material and Methods
The study was conducted in two cycles of sugar 
apple (Annona squamosa L.) seedling production, the first 
one from May 29 to September 15, 2015, and the second 
one from March 18 to July 4, 2016, in a screen house (50% 
shading), situated in Petrolina city, Pernambuco (PE) 
state, Brazil (09°19’35’’ S, 40°32’53’’ W; ~370 m). According 
to Köppen’s classification, the region has BSwh’ climate, 
dry and very hot steppe climate (Alvares et al., 2013). 
Monthly means of the climatic variables temperature, 
relative air humidity and rainfall recorded in Petrolina-PE 
along the experiment were 26.32 ºC, 56.38% and 8 mm, 
respectively (Laboratory of Meteorology/UNIVASF).
The experimental design was randomized blocks 
in split-plot scheme, with four replicates and eleven 
plants per plot. Plots were represented by four organic 
substrates: fresh sugarcane bagasse; enriched sugarcane 
bagasse (obtained by composting fresh sugarcane 
bagasse, filter cake, sludge from sugarcane washing and 
vinasse); coconut powder; and, commercial substrate 
Tropstrato®. Each plot was divided into six subplots, 
represented by the doses of the slow-release fertilizer 
Osmocote Plus® (NPK: 15-9-12): 0, 3, 6, 9, 12 and 15 kg 
m-3. The manufacturer’ s recommended dose of the slow-
release fertilizer Osmocote Plus® (NPK: 15-9-12) is 9 kg m-3. 
The fertilizer Osmocote Plus® 15-9-12 contains 
minerals coated with a membrane that allows a slow 
supply, for three to four months, and is composed of 
15% of nitrogen (N), 9% of phosphorus (P2O5), 12% of 
potassium (K2O), 1.3% of magnesium (Mg), 5.9% of sulfur 
(S), 0.02% of boron (B), 0.05% of copper (Cu), 0.46% of iron 
(Fe), 0.02% of manganese (Mn), 0.02% of molybdenum 
(Mo) and 0.05% of zinc (Zn). The composition of the 
commercial substrate Tropstrato® is based on pine bark, 
peat and expanded vermiculite.
The substrates were subjected to physical 
and chemical characterization (Table 1). Physical 
characteristics were determined using the methods 
described in the Normative Instruction nº 17, May 21, 
2007 (MAPA, 2007). Chemical characteristics (macro- 
and micronutrients) were determined according to the 
methodology described by Malavolta et al. (1997).
The substrates were arranged on 16 benches 
(tanks), with dimensions of 1.2 x 0.6 x 0.8 m (L x W x H), 
and subplots consisted of doses of the slow-release 
fertilizer Osmocote Plus®. Each fertilizer dose was applied 
in three rows with eleven plants, alternately arranged to 
guarantee a minimum spacing of 10 cm between plants, 
representing the subplots.
The experiment was conducted in a screened 
house (50% attenuation of short-wave solar radiation). 
For sowing, each substrate and the slow-release fertilizer 
were manually mixed using a shovel and a hoe. The tubes 
(0.131 m high and 180 cm3 volume) were manually filled 
with the mixture (substrate + Osmocote®) and arranged 
side by side on trays. The substrate coconut powder was 
subjected to washing before sowing to eliminate the 
excess of Na+ ions.
Seeds were obtained from fruits commercialized 
in the Mercado do Produtor in Juazeiro city, Bahia state, 
Brazil. Ripe sugar apples were manually pulped to remove 
the seeds, which were subsequently soaked in water for 
24 h.
Seeds were planted at depth of approximately 
1.0 cm. After that, vermiculite was added to the substrate 
and the first irrigation was applied using a watering can.
Emergence percentage was evaluated at 40 
days after sowing (DAS), quantifying the number of 
germinated seedlings.
Irrigation was applied using the sub-irrigation 
system, in which the tubes were partially immersed in 
water for 5 min. Two irrigations were daily applied, at 9 
h and 15 h, to guarantee full moistening of the substrate. 
The experiment was monitored and no phytosanitary 
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Table 1. Chemical and physical characteristics of the substrates fresh sugarcane bagasse, enriched sugarcane 
bagasse, coconut powder and Tropstrato® used in the experiment
Properties Sugarcane bagasse Enriched sugarcane bagasse Coconut powder Tropstrato®
pH 7.1 7.9 5.8 6.0
ECa (dS m-1) 0.9 1.1 0.4 0.5
C (g kg-1) 522 146 350 18
N (g kg-1) 3.8 8.4 5.8 3.8
P (g kg-1) 2.0 6.6 2.4 3.1
K (g kg-1) 6.5 9.0 10.5 6.5
Ca (g kg-1) 3.2 22.8 5.7 9.2
Mg (g kg-1) 0.6 3.9 1.4 14.0
Na (g kg-1) 0.2 0.5 0.7 0.4
Fe (mg kg-1) 841 17.620 780 7.180
Mn (mg kg-1) 36 592 27 164
Zn (mg kg-1) 14 110 25 32
B (mg kg-1) 5 14 24 13
C/N 137/1 17/1 60/1 5/1
OMb (g kg-1) 900 252 604 30.4
CECc (mmolc dm-3) 144.1 161.1 383.5 292.6
Dsubd (kg m-3) 518.6 644.5 504.6 538.1
TPe (%) 26 32 73 43
Mostuire (%) 12 15 83 40
aElectrical conductivity (EC); bOrganic matter (OM); cCation Exchange Capacity (CEC); dBulk Density (Dsub); eTotal Porosity (TP).
problem was observed. Thinning was performed at 45 
DAS, when the seedlings exhibited two vigorous true 
leaves, leaving the most developed one.
The last evaluation of the experiment was 
performed at 105 DAS. To evaluate the effects of 
treatments on the formation of sugar apple seedlings, the 
following variables were determined: I) Number of leaves; 
II) Plant height (PH, cm): measured from the substrate 
level to the insertion of the last leaf, using a millimeter 
ruler; III) Stem diameter (SD, mm): measured with a digital 
caliper (Pantec®, 0.01 mm resolution) at height of 1.0 cm.
After biometry, plants were divided into roots 
and shoots, to determine the following variables: I) Root 
volume (RV, cm3): measured in a graduated cylinder 
(Basso, 1999); II) Root dry matter (RDM) and shoot dry 
matter (SDM) (g): obtained through the method of drying 
in a forced-air oven at 65 ºC until constant weight, with 
subsequent weighing on analytical scale (0.0001 g) (Silva 
& Queiroz, 2002); and III) Leaf area index (LAI, cm2): 
measured in two plants per subplot, by removing the 
leaves and placing them on a white paper. After that, 
they were photographed and subjected to the software 
QUANT v.1.0.1 (Vale et al., 2001).
Total dry matter (TDM) was estimated based 
on the values of RDM and SDM. In addition, the ratio 
between shoot dry matter and root dry matter (S/R) and 
the Dickson quality index (DQI) were also calculated. 
DQI was used to evaluate seedling quality according 
to the treatments and refers to the relationships of the 
morphological growth characteristics TDM, SDM, RDM, PH 
and SD, according to the following equation 1 (Dickson 
et al., 1960):
equation 1
Where: DQI = Dickson quality index (g mm cm-1); 
TDM = total dry matter (g); PH = plant height (cm); SD 
= stem diameter (mm); SDM = shoot dry matter (g); and 
RDM = root dry matter (g). 
The data were subjected to analysis of variance 
by F test at 0.01 and 0.05 probability levels, and means 
were compared by Scott-Knott test to detect significant 
effects between the different substrates and doses of 
Osmocote Plus® (Borges & Ferreira, 2003). Significant 
interactions were subjected to regression analysis 
and correlations were made between all dependent 
variables.
Results
There was significant interaction between 
substrate compositions and doses of the slow-release 
fertilizer Osmocote Plus® for all variables (Table 2).  
Slow-release fertilizer application in the substrates 
significantly increased the number of leaves, plant height, 
stem diameter, leaf area, shoot, root and total dry matter 
and root volume in sugar apple seedlings, in comparison 
to the control (without fertilization). There were different 
responses to the doses and their interactions with the 
substrates (Figures 1 and 2). For the means of stem 
diameter, it was not possible to fit any regression model.
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Table 2. Means and F value of emergence percentage (E%), number of leaves (NL), plant height (PH), stem diameter (SD), shoot 
dry matter (SDM), root dry matter (RDM), total dry matter (TDM), root volume (RV), leaf area index (LAI), shoot/root ratio (S/R) and 
Dickson quality index (DQI) in sugar apple seedlings as a function of different substrates and doses of slow-release fertilizer
Substrate
E NL PH SD SDM RDM TDM RV LAI S R-1 DQI
% -- cm mm __________ g __________ cm3 cm2 g g-1 g mm cm-1
Fresh sugarcane bagasse 90.15 a 6.39 d 8.50 d 2.55 c 0.45 d 0.33 c 0.78 d 1.17 c 44.90 c 1.39 a 0.16 c
Enriched sugarcane bagasse 89.01 a 8.17 b 9.99 b 3.10 a 0.69 b 0.50 b 1.19 b 1.44 b 66.94 b 1.38 a 0.25 b
Coconut powder 87.31 a 8.59 a 10.32 a 3.16 a 0.81 a 0.72 a 1.53 a 1.92 a 77.65 a 1.20 b 0.35 a
Tropstrato® 81.25 b 7.50 c 9.38 c 2.93 b 0.60 c 0.51 b 1.11 c 1.56 b 66.45 b 1.15 b 0.25 b
CV (%) 6.44 5.64 4.47 3.59 9.64 17.77 10.09 28.40 23.98 21.14 15.43
Source of Variation F Valuec
Substrate (S) 12.02** 117.57** 100.80** 161.02** 153.09** 72.13** 166.85** 46.21** 19.22** 4.37* 87.89**
Dose (D)a 0.52ns 247.84** 121.71** 128.8** 157.23** 100.85** 169.82** 103.94** 62.48** 21.71** 130.35**
SxD 2.11* 18.22** 17.07** 17.17** 15.35** 19.62** 23.03** 20.63** 4.66** 4.78** 22.96**
Means followed by the same letter in the column do not differ statistically by Scott-Knott test. ns, * and ** indicate not significant and significant at 0.05 and 0.01 probability levels, respectively. aDose of Osmocote®.
Figure 1. Emergence percentage (E%) (A), number of leaves (NL) (B),  leaf area index (LAI)  (C) and plant height (PH)
(D) as a function of different substrates and doses of slow-release fertilizer. *, ** indicate significant at 0.05 and 0.01 
probability levels by t-test, respectively. S1, fresh sugarcane bagasse; S2, enriched sugarcane bagasse; S3, coconut 
powder; S4, Tropstrato HA Hortaliça®.
Sugar apple seedlings grown in coconut powder 
showed higher values of number of leaves (>NL), height 
(>PH), stem diameter (>SD), leaf area index (>LAI), root 
volume (>RV), shoot dry matter (>SDM), root dry matter 
(>RDM) and total dry matter (>TDM) and, consequently, 
higher Dickson quality index (DQI) (Table 2, Figures 1 and 
2). On the other hand, considering all variables, sugar 
apple seedlings grown in fresh sugarcane bagasse , in 
general, exhibited lower values compared with those 
produced in enriched sugarcane bagasse , coconut 
powder and Tropstrato®.
Emergence percentage (E%) was relatively high 
for sugar apple and ranged from 86.12% in plants grown in 
Tropstrato® to 92.10% in plants grown in coconut powder 
(Figure 1A).
For enriched sugarcane bagasse , the highest 
estimated E% was 91.62% at the estimated Osmocote® 
dose of 6.06 kg m-3. For the substrates fresh sugarcane 
bagasse, coconut powder and Tropstrato®, E% increased 
by 6.07, 10.73, 8.94%, respectively, between the absence 
of Osmocote® application and its maximum dose (Figure 
1A).
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Figure 2. Root volume (RV) (A), shoot dry matter (SDM) (B), root dry matter (RDM) (C), total dry matter (TDM) (D), ratio 
between shoot and root dry matter (S R-1) (E) and Dickson quality index (DQI) (F) as a function of different substrates 
and doses of slow-release fertilizer. *, ** indicate significant at 0.05 and 0.01 probability levels by t-test, respectively. S1, 
fresh sugarcane bagasse; S2, enriched sugarcane bagasse; S3, coconut powder; S4, Tropstrato HA Hortaliça®.
Regarding NL, the doses leading to maximum 
efficiency in the substrates fresh sugarcane bagasse, 
enriched sugarcane bagasse, coconut powder and 
Tropstrato® were 10.82, 8.83, 10.31 and 10.32 kg m-3, 
respectively (Figure 1B), and coconut powder led to 
the highest NL (10.57). For this substrate, as well as fresh 
sugarcane bagasse, the highest LAI was obtained only 
with the maximum dose of Osmocote® (Figure 1C). 
Similar behavior was observed for PH in plants grown 
in the substrate coconut powder (Figure 1D). The other 
substrates led to maximum PH with estimated Osmocote® 
doses of 10.23 (fresh sugarcane bagasse), 8.47 (enriched 
sugarcane bagasse) and 10.10 kg m-3 (Tropstrato®).
The substrate coconut powder promoted higher 
RV, with maximum estimated value of 2.66 cm3 for the 
estimated Osmocote® dose of 9.5 kg m-3 (Figure 2A).
For SDM, seedlings grown in coconut powder 
showed increment of about 180% between the lowest 
(0.0 kg m-3) and highest (15.0 kg m-3) doses of slow-release 
fertilizer (Figure 2B). For the substrates fresh sugarcane 
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bagasse and Tropstrato®, SDM as a function of Osmocote® 
doses was lower than that obtained in coconut powder, 
considering the dose of maximum efficiency of the 
fertilizer (Figure 2B). The substrate coconut powder 
also led to higher RDM, TDM and DQI at the estimated 
Osmocote® doses of 9.22, 10.11 and 9.08 kg m-3 (Figures 
2C, 2D and 2F).
The fits of the models allowed to visualize 
increments of 54 and 52% in S/R between the lowest 
and highest doses of the fertilizer in the substrates fresh 
sugarcane bagasse and enriched sugarcane bagasse, 
respectively (Figure 2E). For the other substrates, there 
was no fit of S/R as a function of the fertilizer doses.
The analysis of simple correlation between 
growth variables revealed that NL, PH, SD, LAI, SDM, RDM, 
RV, TDM and DQI were positively correlated. Therefore, 
it can be claimed that these characteristics are directly 
proportional, i.e., increment in the value of one of them 
corresponds to increment in the values of the other 
characteristics of the sugar apple seedling (Table 3). 
Table 3. Correlation between growth variables of sugar apple seedlings as a function of different substrates and doses of 
slow-release fertilizer
Ea NLb PHc SDd LAIe SDMf RDMg RVh TDMi S/Rj DQIl
E - 0.12ns 0.13 ns 0.06 ns 0.09 ns 0.09 ns 0.03 ns 0.04 ns 0.08 ns 0.10 ns 0.04 ns
NL - - 0.89** 0.92 ** 0.82 ** 0.94 ** 0.83 ** 0.81 ** 0.83 ** 0.07 ns 0.85 **
PH - - - 0.87 ** 0.82 ** 0.94 ** 0.76 ** 0.78 ** 0.76 ** 0.11 ns 0.75 **
SD - - - - 0.78 ** 0.92 ** 0.87 ** 0.79 ** 0.93 ** 0.06 ns 0.90 **
LAI - - - - - 0.88 ** 0.71 ** 0.73 ** 0.83 ** 0.11 ns 0.87 **
SDM - - - - - - 0.85 ** 0.82 ** 0.97 ** 0.06 ns 0.87 **
RDM - - - - - - - 0.87 ** 0.96 ** 0.03 ns 0.99 **
RV - - - - - - - - 0.88 ** 0.22 ns 0.85 **
TDM - - - - - - - - - 0.15 ns 0.96 **
S/R - - - - - - - - - - 0.34 ns
DQI - - - - - - - - - - -
aEmergence percentage (E%); bNumber of leaves (NL); cPlant height (PH); dStem diameter (SD); eLeaf area index (LAI); fShoot dry matter (SDM); gRoot dry matter (RDM); hRoot volume (RV); iTotal 
dry matter (TDM); jRatio between shoot and root dry matter (S/R); lDickson quality index (DQI). ns, * and ** indicate not significant and significant at 0.01 and 0.05 probability levels, respectively.
Discussion
The growth and quality of sugar apple seedlings 
were altered by substrate and dose of the slow-release 
fertilizer Osmocote®. Higher C/N ratio and lower total 
porosity (TP) (26%) and moisture content (12%) in the 
substrate fresh sugarcane bagasse contributed to the 
lower development of sugar apple seedlings. Higher C 
content, in relation to N, may trigger N immobilization by 
microorganisms (Livesley et al., 2016) and, consequently, 
reduce its availability to sugar apple plants. Additionally, 
reduced moisture and porosity may limit root system 
development, decreasing the potential of absorption of 
nutrients by plants.
On the other hand, although a few differences 
were observed, all substrates lead to high E% values 
and, moreover, the slow-release fertilizer was efficient to 
increase this percentage, evidencing the importance 
of supplying nutrients in the initial growth stage of sugar 
apple seedlings.
The fertilizer was also efficient to increase the 
NL and LAI of sugar apple seedlings. Its nutritional 
composition, especially the predominant presence of N, 
was essential for the increment in the number of leaves 
and leaf area. Such gain allows greater interception of 
global solar radiation (Schwerz et al., 2016), which may 
lead to higher C fixation for the synthesis of carbohydrates 
in the plants.
The substrate coconut powder showed the 
best performance for E%, NL and LAI in sugar apple 
plants, which reinforces its recommendation to be used 
in seedling production. The physical characteristics of 
coconut powder (high porosity and water retention 
potential), and the fact that it is biodegradable and 
100% natural, make it extremely interesting for plant 
propagation in nurseries.
Coconut powder  also allowed higher PH, but at 
the highest dose of Osmocote®. Another important factor 
that must be highlighted is related to the RV developed 
by the seedlings grown in coconut powder. RV of 2.66 
cm3 for the estimated Osmocote® dose of 9.5 kg m-3 may 
have been essential for the best performance of coconut 
powder. Increments in RV can substantially favor the 
access to nutrients and water (Hosseini et al., 2017), 
contributing to the absorption and translocation of the 
elements to the shoots (Vromman et al., 2016).
The use of the Osmocote® dose of 9.5 kg m-3 – 
dose of maximum efficiency to estimate RV – to estimate 
the PH of seedlings subjected to coconut powder led to 
the value of 10.97 cm, which is even higher than the pH of 
seedlings grown in the other substrates. Seedling height is 
an important biometric feature in the recommendation of 
the ideal size for definitive planting in the field. However, 
since plant height can be influenced by possible distortions 
caused by the excess of N and also by the competition 
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for light (etiolation), it is essential to also consider the total 
dry matter of the plant (Marana et al., 2008).
In this regard, good yields of SDM, RDM and TDM 
were observed in plants grown in coconut powder, which 
also showed satisfactory results with the addition of slow-
release fertilizer. Good development of leaf tissues, due to 
fertilization, defines the increment in the photosynthetic 
capacity of the plants and is directly related to the 
greater development of the seedlings (Hawerroth et al., 
2013).
Besides the search for efficiency in leaf tissue 
development, it is extremely important to understand the 
organization and functioning of physiological, growth and 
development processes of the plants. For that, evaluating 
the relationship between shoot dry matter and root dry 
matter may guide the choice of the best substrate and 
most adequate dose of fertilizer, since the relationship 
is useful in the study on the balance between organs 
and is influenced by alterations in many factors, such 
as temperature, water balance, nutrients and carbon 
(Machado et al., 2011).
Alterations were observed in the S/R ratio as a 
function the slow-release fertilizer and substrate, with 
increasing values due to the addition of Osmocote®. 
Such behavior results from the increase of plant tissue in 
the shoots, favored by the increment of N present in the 
fertilizer.
On the other hand, the substrates did not show 
similar values of S/R. Higher values were observed 
in seedlings grown in the substrates fresh sugarcane 
bagasse and enriched sugarcane bagasse. However, 
higher S/R ratios did not lead to seedlings with superior 
quality, as evidenced by the DQI of the seedlings in the 
different substrates.
The DQI values of the plants in all substrates were 
higher than the minimum index, equal to 0.2, established 
by Dickson et al. (1960) as indicator of high quality of 
the seedling for transplantation. The higher the DQI, the 
better the quality of the produced seedling (Caldeira et 
al., 2012). Hence, the substrate coconut powder stands 
out among the most promising ones for the production of 
good-quality sugar apple seedlings.
Efficiency in the use of the fertilizer Osmocote® 
has been observed in many crops, including pineapple 
(Freitas et al., 2011), acai palm (Almeida et al., 2018) and 
pitanga (Elli et al., 2013). The present study confirms the 
positive contribution of Osmocote® to the production of 
sugar apple seedlings. However, as previously discussed, 
there was interaction between the slow-release fertilizer 
and the substrate used. Because of that, special attention 
should be paid in the choice of the material used for 
plant cultivation. 
Conclusions
Substrate and dose of the slow-release fertilizer 
Osmocote® had effect on the formation of sugar apple 
seedlings. Furthermore, the effect of the slow-release 
fertilizer depends on the substrate used in the formation 
of sugar apple seedlings. Coconut powder combined 
with Osmocote® promoted the best performance of the 
seedlings. Based on the Dickson quality index (DQI), for 
the production of sugar apple seedlings, we recommend 
coconut powder associated with the slow-release fertilizer 
dose of 9 kg m-3.
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